The second messenger bis-(3'-5')-cyclic-GMP and its PilZ domain-containing receptor Alg44 are required for alginate biosynthesis in Pseudomonas aeruginosa.
The ubiquitous bacterial second messenger c-di-GMP regulates the expression of various virulence determinants in a wide range of bacterial pathogens. Several studies have suggested that proteins with a PilZ domain function as c-di-GMP receptors. We have identified in the Pseudomonas aeruginosa genome eight genes encoding for PilZ orhologues and demonstrated binding of c-di-GMP to all but one of these proteins in a direct ligand binding assay. One protein with the PilZ domain, Alg44, is involved in biosynthesis of the extracellular polysaccharide alginate. We have shown that increasing c-di-GMP levels by overexpression of highly active diguanylate cyclases, or hydrolysis of c-di-GMP by phosphodiesterases, enhanced or reduced formation of alginate in mucoid strains, respectively. We have engineered substitutions in several conserved residues of the PilZ domain of Alg44 determined that they resulted in simultaneous loss of c-di-GMP binding and the ability to support production of alginate in P. aeruginosa. A 6xHis-tagged Alg44 fusion was also shown to localize in the membrane fraction of P. aeruginosa independently from its ability to bind c-di-GMP. Alg44 appears to be an essential component of the alginate biosynthetic apparatus, where, following binding of c-di-GMP, it controls polymerization or transport of the polysaccharide.